Introduction
============

Currently, gastric cancer (GC) is one of the most common malignant neoplasms in the world, particularly in the Asia-Pacific region [@B1]. Even with the use of aggressive treatment, the 5-year survival rate for patients with lymph node positive disease is as low as 15-20%, and even node-negative patients have a 5-year survival rate of only 45-55% if they reach an advanced T stage (T~3~-T~4~N~0~) [@B2]. Surgical resection is the mainstay therapeutic modality of non-metastatic GC. The initial results of the randomized control trials revealed similar long term survival from a D1 vs. D2 lymph node dissection [@B3]-[@B5]. However, the benefit of a gastrectomy with a D2 dissection was confirmed in the Dutch trials in terms of both locoregional recurrence and GC-related death after a 15-year follow-up [@B6]. Since there is no difference of local recurrence rate between D2 and D3 surgery, D2 lymph node dissection appears to correspond to a "plateau level" [@B7]. Gastrectomy with a D2 lymph node dissection is now considered a standard of care and supported by the European Society for Medical Oncology in Europe [@B8].

The largest series in the literature demonstrated recurrence rates ranging from 20% to 40% within 2 years after complete resections performed for curative purposes of GC [@B9], [@B10]. Resected GC recurs in multiple patterns: locoregional, peritoneal, and distant sites are common modes of recurrence [@B11]. The risk of recurrence depends on specific clinicopathologic factors such as initial stage of the disease, Lauren\'s histological type, proximal location et al [@B9]. Since the results of treatment remain dismal, strategies for adjuvant treatment in an attempt to reduce recurrence are warranted. In the current clinical practice, the role of adjuvant chemotherapy (CT) has been established and postoperative CT is routinely used for D2-dissected GC. To date, the value of adding postoperative radiochemotherapy to CT is largely unknown, and there is no evidence of clear benefit of the use of radiotherapy (RT) in the post-operative setting [@B12]. In this review, we discuss the state and the rationale of adjuvant RT in light of recent evidence and new perspectives to the treatment of GC.

Role of adjuvant RT/postoperative RT in the randomized trials
=============================================================

The integration of adjuvant RT into the routine treatment of GC has been initiated based on the INT0116 study [@B13]. In this landmark phase III study, a total of 556 patients with resected GC or cancer within the gastroesophageal junction were randomized to receive surgery alone or surgery plus postoperative RT (45 Gy of radiation at 1.8 Gy per day) associated with 5-fluorouracil based CT. Three-year overall survival rates were 50% in the chemoradiotherapy (CRT) group vs. 41% in the surgery-only group (*P* = 0.005). The three-year relapse-free survival rate was 48% in the CRT group vs. 31% in the surgery-only group (*P* \< 0.001). This benefit from postoperative CRT was confirmed later in an update, published by Smalley et al [@B14] in 2012, which demonstrated strong persistent benefit from adjuvant CRT. However, this trial has been criticized because lymph node dissection was limited (36% had a D1 and 54% had a D0 dissection) and many patients experienced high rates of toxic side-effects. The incidence of grade 3 or higher hematological and gastrointestinal toxicities which existed in 54% and 33% of patients, respectively, has indicated the need for improving the treatment safety. High rates of severe toxicity may be explained by the use of the conventional two-dimensional (2-D) RT technique associated with the 5-fluorouracil-based CT regimen. Recently, a retrospective cohort study from a Latin American Center also suggested that there was a long-term overall and disease specific survival benefit for patients treated with postoperative adjuvant treatment for stage IIIB and IIIC GC after D2 lymph node dissection [@B15]. Similarly, a large retrospective study suggested that the postoperative CRT in D2-resected GC patients could prolong survival and decrease recurrence [@B16].

The above studies evaluated postoperative CRT versus surgery alone, however, the role of postoperative RT in the treatment of GC was not well established. The most relevant study about the role of postoperative RT following the INT0116 study was the phase 3 Adjuvant chemoRadiation Therapy in Stomach cancer (ARTIST) trial, which investigated the role of postoperative CRT (capecitabine + cisplatin followed by capecitabine and concurrent RT at a dose of 45 Gy) vs. CT alone (capecitabine + cisplatin) in 458 patients who underwent D2 lymphadenectomy. Overall, the addition of RT to the CT did not significantly prolong disease-free survival (DFS) (*P* = 0.0862). However, in the subgroup of patients positive for pathologic lymph nodes at the time of surgery (n=396), combined treatment was superior to CT alone (*P* = 0.0365), and the statistical significance was retained at multivariate analysis (*P* = 0.0471). This result supported the hypothesis of the benefit of RT in the adjuvant treatment of patients with lymph node positive disease [@B17], [@B18]. A recent clinical trial confirmed that adjusted recurrence-free survival was significantly higher in the CRT group than the CT group in patients with D2 resected lymph node metastatic GC [@B19].

In addition to the ARTIST trial, several randomized trials and meta-analyses have tried to explore the comparison of CRT to adjuvant CT in GC patients who undergo D2 lymphadenectomy, but the results were inconsistent [@B20]-[@B28]. Characteristics of the included trials comparing postoperative CRT and postoperative CT were listed in table [1](#T1){ref-type="table"}.

In 2012, a Chinese randomized trial compared 45 Gy intensity modulated radiation therapy (IMRT) plus concurrent CT with CT alone in 380 locally advanced GC patients after D2 resection. The median duration of recurrence-free survival in patients receiving CRT was also better (*P* = 0.029), but there was no impact on median overall survival (*P*=0.122). Multivariate analyses showed that lymph nodes metastases and TNM stage were both independent prognostic factors. There was no difference between two treatment groups with respect to rates of all grade adverse events [@B20]. The National Cancer Center in South Korea conducted a phase III trial that enrolled 90 locally advanced GC patients (stage III/IV M0) who underwent D2 lymph node dissection to compare adjuvant CT alone versus CRT (INT-0116 scheme). Addition of RT to CT could significantly improve locoregional recurrence-free survival (LRRFS) and DFS in stage III GC compared to CT alone. RT in addition to CT has shown a similar toxicity profile as CT alone [@B21]. Similarly, it was indicated that comparing to CT alone, CRT can increase the one-, two-, and three-year total survival rates, as well as the DFS rates of GC patients (T3/T4 and/or N+) who have been initially treated with surgery [@B22].

A total of 895 patients from 3 randomized controlled trials were identified for a meta-analysis evaluating the comparison of adjuvant CRT vs. solely CT in patients with GC who underwent D2 lymphadenectomy. An increase in LRRFS (*P*=0.01) and DFS (*P*=0.25) in favor of combined treatment was demonstrated, however, there was no benefit in terms of the distant metastasis recurrence-free survival and overall survival. The main grade 3 or 4 toxicities were equivalent between the two groups [@B23]. In another meta-analysis of 1171 patients, similar results showed that CRT was associated with a significant increase in DFS when compared to CT alone (odds ratio 1.48, 95% CI 1.08-2.03). However, there was no significant difference in overall survival (odds ratio 1.27, 95% CI: 0.95-1.71). Five trials found no statistically significant differences in the toxicities between the two groups [@B24]. Zhou and colleagues reported a meta-analysis of 4 randomized controlled trials comparing CRT with CT for GC after R0 surgical resection. It was suggested that postoperative CRT, compared with postoperative CT, can improve loco-regional recurrence rate and DFS, but did not improve distant metastasis rate and overall survival [@B25].

By contrast, there have only 3 notable, randomized trials in the past which have demonstrated the addition of RT to CT did not appear to provide any additional advantage in radically resected advanced GC patients. A total of 61 patients with stage IIIA, IIIB and IV (without metastasis) GC was treated with postoperative CRT. Arm A consisted of one cycle of 5-fluorouracil/cisplatin (FP) followed by 45 Gy to radiation field with capecitabine. One month after completion of RT, patients received three additional cycles of FP every 3 weeks. Arm B consisted of six cycles of FP. There was no significant difference between the two arms in 5-year DFS (76.7 vs. 59.1%, respectively; *P* = 0.222) or overall survival (70.1 vs. 70.0%, respectively; *P* = 0.814) [@B26]. Despite the results of this study, the sample size was too small to draw any definitive conclusions. In another randomized phase III study, a cohort of 147 radically resected GC patients with stage ≥ T3 and/or N+ were randomized to 6 cycles of docetaxel with cisplatin, both at 75 mg/m^2^ every 3 weeks (arm A) or the same treatment with RT (arm B; 45 Gy). Due to excessive nausea and vomiting, cisplatin was substituted by carboplatin at AUC (area under the curve) of 5 after the first 45 patients (22 group A, 23 group B). It was indicated that the addition of RT to adjuvant CT does not appear to improve survival in high-risk, radically resected GC [@B27]. A similar study from Turkey also denied the superiority of adding RT to CT in terms of DFS or overall survival for patients who underwent D2 dissection and were at pT~any~N~3~M~0~ stage [@B28]. The Lancet Oncology recently published the results of the CRITICS trial evaluating the role of adjuvant RT for western patients with perioperative CT and D2 dissection. The CRITICS phase III multicenter trial is an open-label randomized trial which aims to determine the clinical outcomes in patients undergoing preoperative epirubicin, cisplatin or oxaliplatin, and capecitabine CT followed by surgery with adequate lymph node dissection and concurrent CRT (45 Gy, cisplatin and capecitabine). Postoperatively, 233 (59%) of 393 patients started CT and 245 (62%) of 395 started CRT. The results of this study demonstrated that postoperative CRT did not improve clinical outcome compared with postoperative CT in patients with resectable GC treated with adequate preoperative CT [@B29].

Theoretically, application of RT in conjunction with CT may be a better method in the management of GC, because RT might improve locoregional control while systemic CT might diminish or eliminate microscopic distant metastasis. Nevertheless, in actual practice, it was still disputed whether adding RT to CT could further benefit those GC patients after adequate lymph node dissection. There were several reasons related to the dissonance of adjuvant RT versus solely CT. First only a limited number of studies, mainly in East Asia, compared the benefit of adding adjuvant RT to the CT alone. Not only were these studies limited, but these studies also contained small sample sizes. The lack of research and participants hinder any conclusions to be made. Second, the RT techniques applied in the trials were different, including conventional AP-PA fields, three-dimensional conformal radiation therapy (3D-CRT) or IMRT. Additionally, CT regimens differed. Compared with the commonly used SOX (oxaliplatin plus S-1) or XELOX (oxaliplatin plus capectabine) regimens, the cytotoxic drugs used in the previously referenced trials may have relatively low efficacy with high toxicities. Meanwhile, considering the poor postoperative patient compliance in the CRITICS trial, future research and trials should focus on optimizing preoperative treatment strategies [@B30]. Third, the number of lymph nodes dissected differed. For example, in the ARTIST trial, approximately 60% of the patients with stage IB and II disease had greater numbers of lymph nodes dissected (Reaching up to 40 lymph nodes) which might dramatically lower the risk of locoregional recurrence [@B31]. Lastly, the inclusion criteria for patients also differed. The subgroup of high-risk patients that present particular characteristics such as positive surgical margin, perineural invasion, and diffuse histological subtype, might benefit more from local irradiation after surgery [@B12].

Ongoing trials concerning adjuvant RT
=====================================

Overall, the outdated RT techniques and CT regimens involved in the clinical trials mentioned above, and the poor trial design might lead to the contradictory results. The ongoing trials concerning the role the adjuvant RT may better define the role of postoperative RT. The ARTIST II trial is currently underway and aims to clarify the benefit of postoperative CRT in patients exclusively with lymph node metastasis. This trial is currently comparing surgery + adjuvant S-1 CT, vs. surgery + adjuvant SOX (S-1 and oxaliplatin) CT, vs. surgery + adjuvant SOX (S-1 and oxaliplatin) CT + RT. The primary endpoint of the study is DFS. The three-arm trial may better define the role of postoperative RT in GC treated with D2 lymphadenectomy as it focuses on patients with stages -II or -III disease with positive lymph nodes.

Incomplete adoption of adjuvant RT for resected GC
==================================================

As mentioned, On the basis of the compelling evidence provided by the INT-0116 trial, adjuvant CRT was adopted widely for the treatment of patients after radical surgery. Between 1996 and 2003, 10,230 patients aged 18-85 years with resected GC were identified in the Surveillance, Epidemiology, and End Results (SEER) database and classified as diagnosed before or after presentation of the INT-0116 trial findings. It was demonstrated that the percentage of adjuvant RT use was 14.6% before the INT-0116 trial, increasing to 30.4% afterward (*P* \< 0.001). Though the use of adjuvant RT doubled after the INT-0116 trial results became public, the fraction of patients receiving adjuvant RT was still low. In this study, ≥ 85% of the cohort treated after INT-0116 could be eligible for adjuvant RT because they had Stage Ib-IVM0 disease, however, only 30.4% received adjuvant RT [@B32]. Similarly, it was reported that only 26 patients (2.0%) received adjuvant RT after curative resection in a multiple-center cohort of Chinese patients [@B33]. If adjuvant CRT usage on eligible patients increased, it would help identify an unambiguous interpretation of the benefits by providing a larger, more concrete sample size with better data of recurrence and locoregional survival rates.

Recurrence patterns after curative surgery for GC
=================================================

Concern about toxicity could partially explain the low rate of adjuvant RT in this analysis. In postoperative RT for GC, the definition of clinical target volume (CTV) of the aforementioned clinical trials was listed in table [1](#T1){ref-type="table"}. The target volume range for RT was extremely diverse for the adjuvant RT. Furthermore, a larger margin should be added to the CTV for the respiratory motion and inter-fractional variability, thus increasing the planning tumor volume (PTV) [@B34]. This leads to large radiation volume for upper abdomen with RT. In light of the INT0116 results using conventional 2-D techniques that 17% of patients were not able to complete the entire treatment course because of severe acute toxicity [@B13].

Over the past decade, postoperative RT procedures for GC have shifted from simple 2-D techniques to 3D-CRT or IMRT. In particular, IMRT had the advantage of conformal delivery of high doses to the target area, while decreasing damage to the adjacent normal tissue [@B35]. It was suggested that IMRT was better than 3D-CRT at protecting the kidneys from postoperative adjuvant radiation, and late nephrotoxicity was less severe with IMRT. Hence, IMRT was recommended for the subset of patients with risk factors for kidney disease or those with preexisting nephropathy [@B35], [@B36]. However, it is reported that post-operative GC patients treated with 3D-CRT or IMRT are still at a considerable risk of dose-limiting toxicity to various surrounding organs, such as the liver, spleen, pancreas, et al. [@B34], [@B37], [@B38]. In addition, RT-induced nausea and vomiting are common and troublesome symptoms among GC patients receiving RT. Severe nausea and vomiting may interfere with a patient\'s performance status and quality of life causing treatment delay or refusal that may compromise tumor control [@B39]. To overcome these problems, radiation-related toxicity may be reduced by improving RT treatment planning. Furthermore, recurrence patterns (locoregional, peritoneal, or distant/systemic) after curative resection and specific location of locoregional recurrence should be illustrated in detail to generate more accurate radiation volume, which may minimize radiation-related toxic effects.

Recurrence significantly reduces the patient\'s survival and is usually associated with pain, bleeding, and other symptoms, with no single method of treatment which can efficiently address all variants of GC spread. Most patients succumbed within one year of receiving a diagnosis of recurrence with a mean survival of 8.7 (range 2-66) months [@B10]. Several studies have attempted to analyze recurrence patterns in GC with variable results. Figure [1](#F1){ref-type="fig"} summarized the initial recurrence patterns of 1161 patients after gastrectomy for GC in 4 literatures [@B9], [@B10], [@B40], [@B41]. Of the 1161 patients, 874 patients (75.2%) had recurrence involving a single area, 264 (22.7%) had recurrence involving 2 areas, and 23 (2.0%) had recurrence involving all 3 areas. Overall, the locoregional area, distant sites, and peritoneal recurrence involved as any part of the recurrence pattern in 489, 511, and 471 patients (42.1%, 44.0%, 40.5%), respectively. It appears that prediction of recurrence patterns of resected GC based on clinicopathologic factors is elusive [@B9]. The variability of the data on the recurrence patterns is multifactorial and probably attributable to the selection in patient cohorts, the time at which recurrence was detected, and the methods for determining recurrence patterns. As RT is a locoregional treatment, improved survival is likely explained by better locoregional tumor control. It was recommended that three sites must be included in the adjuvant RT after radical surgery, including the primary tumor bed, the anastomosis or duodenal stumps, and the regional lymphatics [@B42].

Remnant stomach
===============

Whether remnant stomach should be included in the RT target still remains controversial. One of the major variations in radiation fields was the remnant stomach, which was included in the INT-0116 trial but not in the ARTIST trial [@B43]. It was suggested that if necessary, the remnant stomach in patients who underwent a subtotal gastrectomy (STG) has been included [@B44].

However, Chang et al. suggested that only 15 of 1952 patients who underwent STG had a local relapse in the remnant stomach. It therefore seemed safe to exclude the remnant stomach from the potential field of RT [@B45]. Similarly, Nam et al. retrospectively analyzed 291 GC patients treated with STG and D2 dissection and adjuvant CRT. Eighty-three patients underwent irradiation according to the INT 0116 protocol, in which the target volume routinely included the remnant stomach (Group A). Remnant stomach excluded from the target volume for 208 patients (Group B). There was no significant difference for overall and DFS rates between the two groups of patients with and without remnant stomach irradiation. Hence, exclusion of remnant stomach from the radiation field had no effect on failure rates or survival, and it seemed reasonable not to consider the remnant stomach as a target volume for adjuvant RT [@B43].

Tumor bed, anastomosis or stumps
================================

Most clinical series have reported similar results, with the local recurrences comprising 13%-22% of all recurrences after D2 gastrectomy [@B46]. Though the incidence of local recurrence was suggested to be the lowest among the recurrence patterns, the site most prone to local recurrence was the anastomosis or stump (15.7%) [@B10]. Especially the patients with distal antral tumors that extend beyond the gastric wall toward the retroperitoneal structures or pancreas are suggested to have increasing incidence of positive margins. Given the high risk of tumor bed-anastomotic/stump relapse, it is imperative to include the tumor bed and longitudinal surgical margins in adjuvant RT treatment design. The location of the anastomoses/stump must be ascertained in all patients [@B42].

Lymph node considerations
=========================

Understanding the location of regional lymph node recurrence have raised increasing alarm allowing individualized RT strategies and rational tailoring of RT target identification. Location of local regional failure after gastric resection defines the postoperative RT fields needed when adjuvant RT is employed. Careful delineation of regional failure patterns is imperative to proper conceptualization of RT treatment planning. Gastric lymph node involvement is closely associated with the site of the primary tumor, making its site indispensable for a proper definition of gastric portions.

However, until now, only a few retrospective studies had defined the specific location of locoregional recurrence for postoperative RT in GC. In a Korea study, the most common site of locoregional recurrence was regional lymph nodes (23.8%) after curative gastrectomy and D2 lymph node dissection in patients with stage III (N3) GC. The most prevalent nodal recurrence was in lymph node stations No.9 (lymph nodes along the celiac artery), No.12 (lymph nodes in the hepatoduodenal ligament), No.13 (lymph nodes on the posterior surface of the pancreatic head), No.14 (lymph nodes along the superior mesenteric artery or superior mesenteric vein), and No.16 (lymph nodes around the abdominal aorta), which were outside the D2 dissection area [@B47]. The results were similar to findings from Chang et al, demonstrating that the locoregional relapse at 5 years after gastrectomy with D2 lymphadenectomy was 8.5 percent, and the most commonly involved site was station No.16b1 (paraaortic lymph nodes between the lower border of the left renal vein and the upper border of the origin of the inferior mesenteric artery) [@B45]. The cause might be a lymphatic flow which ultimately drained into the station 16, the paraaortic region, regardless of the location of the primary tumor [@B45]. Similarly, after D2 dissection in stage III GC with N3 disease, the most commonly involved first recurrent lymph nodes were suggested to be No.16b (lymph nodes around the abdominal aorta from the upper margin of the left renal vein to the aortic bifurcation, 61.5%) and No.16a (lymph nodes around the abdominal aorta from the upper margin of the celiac trunk to the lower margin of the left renal vein), regardless of the primary tumor location. Besides no. 16, commonly involved recurrent lymph nodes were the Nos.9, 10 (lymph nodes in the splenic hilar), and 13 nodes in the proximal third of the stomach (30%, 10%, and 10%, respectively); Nos.12 and 14 nodes in the middle third (26% and 13%, respectively); Nos. 12, 13, 14, 9, and 11 (lymph nodes along the splenic artery) nodes in the distal third (39%, 27%, 20%, 20%, and 10%, respectively); and Nos. 14, 12, 11, 9, 2 (lymph nodes on the left pericardial) if the primary tumor was located in more than two-thirds of the stomach (41%, 24%, 12%, 12%, and 12%, respectively) [@B44]. If lymph node metastases exceeding 10% is regarded as a high risk, these lymph node stations are recommended to be included in the CTV delineation of regional lymph node.

Yu et al. analyzed the results of the ARTIST trial, and found that the regional area (LNs in groups 2 and 3 including the paraaortic, retropancreatic, aortocaval, retrocaval region) might be the most important RT target [@B48]. This can be explained by the fact that initial drainage is usually to lymph nodes along the lesser and greater curvatures which are removed with most types of gastrectomy. Therefore, optimizing regional control in stations 13-16 is important.

In an attempt to better define which locoregional lymph nodes are at risk, Smalley et al. [@B42] reviewed the literature and concluded that the involvement of the splenic hilar nodes in lower-third/antral tumors was sufficiently low (\<10%) to allow consideration for exclusion in this clinical setting but that subpyloric pancreaticoduodenal nodes have a much greater incidence (nearly 50%) [@B42]. In contrast, tumors involving the upper one-third of the stomach have a low incidence of subpyloric lymph node metastasis (\<10%), but were more likely to involve the splenic nodes (12-42%) [@B42]. Regardless of any generalizations, these findings offered the important information in modifying radiation fields from "standard" and supplied the opportunity for individualized treatment planning according to the location of the primary tumor within the stomach.

The Japanese data showed that the relative risk of nodal involvement at a specific nodal site was dependent on the primary GC localization [@B49]. In addition, there are several clinicopathological aspects relating with the lymphatic drainage regions and affecting radiation target definition, including histologic differentiation, tumor size, macroscopic type, and depth of tumor invasion [@B50]. For male GC patients with large, deeply invasive, poorly differentiated, diffusely infiltration and positive cancer embolus, the radiation fields were suggested to be enlarged appropriately [@B51]. Overall, for radiation oncologists, all these related clinical and pathological parameters should be taken into account for defining appropriate individualized field arrangements for the adjuvant postoperative RT of GC.

A large inter- and intraobserver variability in target volume delineation was reported in GC patients [@B52], [@B53]. In a questionnaire, 75 % of respondents indicated the elective nodal area as the major subjective difficulty [@B54]. Nodal stage is based on the number of involved LNs in the AJCC staging system for GC, which does not reflect the rules of lymphatic drainage and provides no practical indications for delineating the target volume. Accordingly, in the future, international consensus guidelines are needed to be thorough and clear about the detailed indications for the irradiation of each lymph node station.

Conclusions and future directions
=================================

Due to the lack of powerful evidence regarding which of the current combined modality therapy is more beneficial on the GC patients after surgery, the standards of the postoperative treatments still differ around the world. To date, the role of adjuvant CT has been established and postoperative CT is routinely used for D2-dissected GC, however, the value of adding postoperative RT to CT is largely unknown. Several previous randomized studies and meta-analyses provided inconsistent results. Differences between tumor epidemiology (tumor stage at diagnosed), treatment policies, treatment outcomes might explain the results. For the best individual treatment, future trials should focus on predictive markers and particular characteristics at the definitive histological examination. Toxicity and quality of life of a selected high-risk category of patients should be assessed precisely to individualise adjuvant therapy and optimise therapeutic ratio. Though ≥ 85% of the cohort in SEER database treated after INT-0116 would be eligible for adjuvant RT because they had Stage Ib-IVM0 disease, however, only 30.4% received adjuvant RT [@B32]. Knowledge of recurrence patterns (locoregional, peritoneal, or distant/systemic) after curative resection could potentially guide the planning of adjuvant treatment and minimize radiation-related toxic effects. However, until now, only a limited number of retrospective studies had defined the specific location of locoregional recurrence for postoperative RT in GC. To overcome the restricted nature of a retrospective study and provide more solid conclusion of radiation field determination, additional large prospective studies are required to evaluate the optimal individualized target volume construction. In brief, the benefits of adjuvant RT and optimal target volume in GC remain unclear, and are open for future investigations about reliable patient and tumor-related criteria for appropriate patient selection and tailored clear and detailed delineation of the irradiation of lymph node stations.
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###### 

Characteristics of the included trials comparing postoperative chemoradiotherapy and postoperative chemotherapy.

  First author    Country   Year published   Total accrual, n   Clinical target volume delineation
  --------------- --------- ---------------- ------------------ --------------------------------------------------------------------------------------------------------------------------------
  Lee [@B18]      Korea     2012             458                tumor bed, anastomosis site, duodenal stump, regional lymph node, and 2 cm beyond the proximal and distal margins of resection
  Zhu [@B20]      China     2012             351                ICRU 50 report
  Kim [@B21]      Korea     2012             90                 anastomosis site, duodenal stump, regional lymph nodes, and more than 2 cm from the proximal and distal margins of resection
  Yu [@B22]       China     2012             68                 tumor bed, stroma, and regional lymph node
  Kwon [@B26]     Korea     2010             61                 tumor bed, anastomosis, stump, and regional lymph node areas
  Bamias [@B27]   Greece    2010             143                tumor bed, anastomosis, the stomach remnant, and regional lymph nodes
  Kilic [@B28]    Turkey    2013             71                 tumor bed, anastomosis, and regional lymph nodes
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